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ABSTRACT 
A study of the behaviour, food and population ecology of the Plantain squirrel (Callosiurus notatus), 
was conducted at the Headquarters of Bako National Park, from 24th November until 3rd December. 
The study site is consisted of beach forest and riverine forest. The scanning method was used to 
observe the daily activity of the squirrel and a set of predetermine activity categories were used to 
record their activity. The study was indicated that the squirrel is active at 0600, 1100 and 1600 hours; 
and the highest average time spent was on displacement. Though the observation, ten families of the 
food plants were identified as the squirrels' food resources. The Plantain squirrel (Callosiurlls notatus) 
is essential as a seed disperser, weeds control and seed predator. A total of 100 traps were at two 
different trails to estimate the population of the squirrel. The population estimation at Trail 1 and Trail 
2 is 36 and 26 individuals respectively. The overall population estimation at the Headquarters of Bako 
National Park is 56. The hypothesis using Chi-square test shows that there is no significant difference 
between both trails. The beach forest is the most favourite area to spend foraging but the riverine 
forest is the rno t suitable area for nesting ground. In general, the food resources are important as it 
could affect the squirrel behaviour and the population distribution. 
Keyword: Plantain squirrel, Behaviour, Population ecology, Bako National Park 
ABSTRAK 
Satu kajian leJllang tingkah laku, pemakanan dan ekologi populasi tupai Pinang (Callosiurus notatus). 
telah dijalankan di sekitar ibu pejabat Taman Negara Bako, dari 24hb November sampai 3hb 
Desember. Kawasan kajian ini terdiri daripada hutan pantai dan hutan paya. Pemerhatian secara 
rawak telah digunakan untuk memerhatikan aktiviti harian tupai dan satu set kategori aktiviti telah 
digunakan untuk merekodkan aktiviti berkenaan. Kajian ini menunjukkan tupai aktif pada pukul 0600, 
llOD dan 1600; dan purata masa pergerakan adalah paling tinggi. Melalui pemerhatian, sepuluh 
famili tumbuha1l telah dikenalpasti sebagai sumber makanan tupai. Tupai Pinang (Callosiurus 
notatus) adalah penting sebagai penyebar biji benih, pengawal rumput-rumpai dan pemakan biji 
benih. Sebanyak 100 perangkap telah dipasang di sekitar dua trek untuk menjangka populasi tupai. 
Populasi jangkaan di Trek 1 dan Trek 2 adalah masing-masing 36 dan 26 individu. Secara 
lceseluruhannya, populasi jangkaan di [bu pejabat Taman Negara Bako ialah 56 individu. Hipotesis 
menggunakan ujian Chi-square telah menunjukkan tiada perbezaan antara dua trek. Hutan pantai 
merupakan tempat yang paling digemari oleh tupai untuk mencari makanan, manakala hutan paya 
Uriah kawasan yang sesuai untuk membina sarang. Secara umumnya, asas pemakanan adalah penting 
untukmenjelaskan tingkah laku tupai dan taburan populasinya. 





Plantain squirrel (Callosciurus notatus) of order Rodentia, the "gnawing" mammals, 
contains over forty percent of all species in class Mammalia (Debalse and Martin, 
1974; Payne et al., 1985). Rodentia consist of 30 living families, 418 genera and 
approximateJy 1750 species (Vaughan, 1965). Usually rodents, which are tree 
squirrels, ground squirrels, flying squirrels, rats, mice and porcupines (Wong, 1996) 
can be acknowledged as a successful order because of their ability to adapt to the 
changes in their habitat condition (Steven, 1968). Besides, rodents share a series of 
distinctive cranial features; the upper and lower jaws each bear a pair of incisor that 
allows them to exploit a broad spectrum of foods (Vaughan, 1965). Thus, they can 
live almost everywhere on land and co-exist with the presence of human or in urban 
areas (Steven, 1968). 
Many species of rodents are of economic importance as food for humans, and some 
rodents' fur is important in the garment industry. The rodents namely muskrat 
(Ondatra zibethicus), beaver (Castor canadensis) and Chilla (Chinchilla lanigera) 
are bred in captivity throughout the world to contribute as furbearers. (Feldhamer et 
al., 1999). On the negative side, they are pest to stored grains; damaging field crops 
and debarking trees in forest. However, rodents have also benefited mankind through 
activities such as burrowing by fossorial species can aerate the soil and bring mineral 
nutrient into the topsoil. Sometimes rodents are used for zoological research and 
medical science (Debalse and Martin, 1974). For instance, rodents have been chosen 
experimentaJ subjects in the field of population dynamics, animal behaviour, 
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physiology and psychology. Furthermore, researchers often use them as laboratory 
and field study subjects due to their short generation period, rapid turnover rates, 
large litter sizes, rapid sexual maturity and easy handling (Feldhamer et al., 1999). 
Plantain squirrel belongs to the Family of Sciuridae and their Subfamily is Sciurinae 
(Payne et aI., 1985). This family consists of 262 species representing more than 50 
genera (Debalse and Martin, 1974; Vaughan, 1965). They are distributed worldwide 
except for Madagascar, the Polar Regions, southern South America, Australian 
region and certain Old World desert areas (Vaughan, 1965). Sciurids are diurnal 
herbivores and they are divided into two groups which are tree squirrels and ground 
squirrels (Payne et aI., 1985; Vaughan, 1965). Their main diet usually consists of 
nuts, fruits and arthropods. They tend to store food in burrows or in tree cavities and 
these species are highly territorial (Eisenberg, 1981). 
The Plantain squirrel is active during early morning and late afternoon. They will run 
along tree branches and up tree trunk searching for food such as small insect, fruits 
and even the inner sappy bark of the trees (Payne et al., 1985; Payne, 1994). The total 
body length of the Plantain squirrels ranged from 150-220mm. Its body colour is 
brown above, a pale red belly and a buff-over-black stripe on each side (Tweedie, 
1991). It can be identified by the specialization of its dentition, which has large, 
curved, chiseling incisors in both upper and lower jaws, where canines do not exist 
but has a wide diastema (Payne et al. 1985). 
Bako National Park is the first National Park in Sarawak, established in the year 
1957. The park has a high diversity of flora and fauna due to the presence of seven 
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vegetation types with different types of ecosystems. There are mixed dipterocarp 
forest, heath forest, riverine forest, mangrove forest, beach forest, open shrubland and 
cliff forest. There are approximately 196 species of birds, 39 species of mammals, 24 
reptiles and eight frogs in the park. In fact, this place has contributed a high diversity 
of food resources for its forest inhabitants. Plantain squirrel is the most common 
species that can be seen almost everywhere along the trails in Bako National Park. 
(Hazebroek and Abang Kassim, 2000) and yet there is no documentation of the 
ecology of the plantain squirrel in Bako National Park. 
The aim of this study is to establish significant differences if any, of the population of 
the Plantain squirrel between two different trails ' at the Headquarters of Bako 
National Park where the vegetation types consist of riverine forest and beach forest. It 
is hoped that this study will be able to distinguish which trail is most favoured by the 
Plantain squirrel. Besides, population estimation of the Plantain squirrel is estimated 
from the two trails. The proposed study will also look at the behavioural ecology and 
foraging habits of the Plantain squirrel in the park. 
1.1 Objectives 
1. 	 To study the behavioural ecology of the Plantain squirrels at the Headquarters 
of Bako National Park. 
2. 	 To collect data on the food of the Plantain squirrel at the study sites. 
3. 	 To estimate the population of the Plantain squirrel at the study site. 
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l.O LITERATURE REVIEW 
Plantain squirrel is one of the species that can be found in East Malaysia (Payne et 
Ill., 1985), Peninsula Malaysia and insular South-east Asia (Wong, 1996). Plantain 
squirrel belongs to the Genus of Callosciurus with the species name of notatus 
(payne et aI., 1985). This species is widespread in Borneo (Payne, 1994) and 
commonly live in secondary :forest, plantations such as coconut gardens and swamp 
forest (payne et ai., 1985; Wong, 1996). 
Base on the figure 1, five species of squirrels of the genus Callosciurus are found in 
Borneo. They are C. notatus (Plaintain squirrel), C. prevostii (Prevost's squirrel), C. 
bGluensis (Kinabalu squirrel), C. adamsi (Ear-spot squirrel) and C. orestes (Bornean 
black-banded squirrel). Three species out of five squirrels from genus Callosciurus 
are endemic to Borneo namely, C. baluensis, C. adamsi and C. orestes. However, C. 
notalus and C. prevostii are diverse with many subspecies. C. notatus only have three 
subspecies, which are C. n. dulitensis, C. n. dilutus and C. n. conipus . The C. 
prevoslii consists of 11 subspecies: C. p. pluto, C. p. caedis, C. p. rufonigra, C. p. 
lIITox, C. p. atricapillus, C. p. caroli, C. p. borneoensis, C. p. coomansi, C. p. 
pawtTis, C. p. sanggaus, and C. p. waringensis (Payne et aI., 1985). 
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Figure 1: The distribution of the squirrels of genus Callosciurus (Source: Corbet and 
Hill, 1992) 
2.1 Previous Studies 
In Sarawak, Tuen et ai., (2000) have estimated the population density and 
distribution of Plantain squirrel in Santubong mountain during their survey of small 
mammals in the peninsula. Live trapping was used for catching the small mammal. A 
total of 17 Plantain squirrels were captured in lower, 13 in middle and 8 in summit 
altitude. The data is indicative of the relationship between altitude and the 
distribution pattern of the Plantain squirrel. Besides, Plantain squirrels were one of 
the most abundant mammals in the disturbed area. 
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Base on the previous study reported by Koprowski and Corse, (2005) the Mexican 
squirrel's activity period had showed two peaks which were early morning and late 
afternoon. The quirrel spent the most amount of time (78%) on resting and foraging. 
The locomotion only occupied 8% of the daily time spent. There were differences in 
time budget of both sexes both within and between the seasons. Females are 
consistent in their daily activity and focus more on foraging which is related to 
female fitness. The males spend more · time foraging during winter, but they spent 
more time travelling with aggressive interaction and reduce forage during the 
breeding season. 
Lurz et al., (1995) used the live trapping method in their study on the red Sciurus 
vulgaris and grey Sciurus carolinesis squirrels in conifer forest in Europe. They 
found that the live trapping method could be used successfully to estimate the 
squirrel population density in early summer when the natural foods were scarce. 
According to Bordignon and Monteiro-Filho, (2000) live trapping method could be 
used to study the squirrel's behaviour and daily activities. In their study, squirrel 
behavioural and daily activities were observed from 0500 hours to 1800 hours. 
Beven observation stations were established. At each location, the number of the 
animals and their sex were noted. Their activities were categorized as feeding, 
displacement, resting and maintenance. Other behavioural activities observed include 
social interaction such as fighting, vocalization and mating. The results showed that 
the squirrels' morning peak of activity occurred earlier in spring and summer and 
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later in autumn and winter. The daily time spent in all noted activities showed 
seasonal variation similar to that shown by other sciurids. 
Nakagawa et al., (2006) conducted an investigation about the effect of various forests 
uses by small mammal communities in Sarawak. Live trappings were carried out in 
20 study plots in six forest types. Traps were baited with banana and sweet potato 
and covered with a sheet of transparent plastic to avoid rainfall. A high number of 
small mammals were found in the fragmented primeval forest. The forest edge has a 
diverse microhabitat structure that attracts the Plantain squirrel to feed in. 
Everts et al., (2004) studied the seasonal variation in daily activity patterns of free­
raging Europe ground squirrels (Spermophilus eitel/us). They used the scanning 
method to observe the daily activities of the squirrels. Scanning method includes 
recording the current activity of all or selected members of a group at predetermine 
period. The observation time is varied from 15 seconds to every minute or much 
greater interval. The activity of the animal will be recorded in a predetermine set of 
categories. Each day the field observation was made from 0545 hours before the 
animal appear above ground until 30 minutes after the last individual had disappeared 
from the ground surface. The study area was observed every 15 minutes with a pair 
of binoculars and each squirrel's behaviour was recorded. The result show that the 
activity started after dawn and ended before dusk. Rainfall and reproductive state of 




According to GurnelJ et al., (2002) the Chi-square, X 2 method could be used to 
detennine the red squirrel's (Sciurus vulgaris) habitat preference. The Chi-square, 
X2 tests had shown that the red squirrels (Sciurus vulgaris) preferred the mixed 
conifer habitat than Corsican pine or the old Scots pine habitat. Habitat characteristic 
Deh as tree spacing and tree species will affect the squirrel's choice of habitat use. 
Alvarenga and Talamoni, (2005) studied the distribution of the Sciurus ingrami nest, 
the building behaviour and the nest characteristic. The behaviour of the squirrel was 
observed in nine observation points from 0600 hours to 1800 hours. The observation 
was made using binocular. The nests were localized and the height from the ground 
was measured. The nest is globular shape with one entrance and the nest-build is 
related to the tree structure and accessibility of food resources. 
According to Wauters et al., (2004), the trapping method was used where traps were 
set on the ground or against the tree trunk. Each trap was baited with sunt10wer 
seeds and hazelnuts. Trapping, radio-tracking or observations were' used to estimate 
the squirrel population. Squirrel was marked individually using numbered metal 
. Furthermore, the quirrel sex, age and reproductive condition were recorded. 
study area and season, density of male and female red squirrels, food 
abundance, interaction between the squirrels with the study area, season change and 
food abundance were tested. The result showed that there were no significant 
.-..""""" of habitat to the squirrel density but the male density were increased with the 
ability of food resources. In contrast, the female density did not affect by the 
abundance of food resources . The changes of the population density win be affected 
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differ between season 
and the density of female squirrels. 
presence of few predators 
o National Park. 
by the seasonal change with variable food resources. The reproduction rate did not 
or habitat , it affected by the availability of food resources 
t present, there is little literature available on the ecology of the Plantain squirrel in 
arawak. During a survey on small mammals in Bako National Park, Menon et al. 
(2005) noted that Plantain squirrels are one of the most commonly observed small 
mammals present in the park. The population estimation of the Plantain squirrel in 
Bako National Park is high, perhaps due to the richness of food resources and the 
in the forest. A total of 84 individuals were recorded in 
riverine forest with a relative abundance of 33%; the relative abundance is 31.2% in 
beach forest, and 9.5% in mangrove forest. Besides, in mixed dipterocarp forest with 
_live abundance is 13.2% and kerangas forest with relative abundance is 16.7%. 
Plantain squirrels can al 0 be serious pests to the park if their population is too large. 
Base on the previous study, the Plantain squirrel seemed to be over populated in 
MATERIALS AND METHODS 
Study Area 
ely was conducted in Bako National Park, Sarawak (Lat 10 41' N, Long 1100 
(Hazebroek and Abang Kassim, 2000). Bako National Park is recognized as 
oldest national park in Sarawak. The park is located about thirty kilometres north 
10 
f Kuching City on the Muara Tebas Peninsula. (Zaini and Aban, 2005). Base on 
Figure 2, the selected study sites are located at the Headquarters of Bako national 
par which consisted of two forest types namely, riverine forest and beach forest. 
Two sampling trails were set from the riverine to beach forest. 
1 The Vegetation Type in each Study Site 
I ) Trail 1: Beach Forest 
The beach forest consists of a narrow belt of trees, herbs, creepers and shrubs. 
These plants formation protect the land from being wash away by the sea. The 
most common trees present in the beach forest are the casuarinas (Casuarina 
equisetifolia). The trees are 50m high, long, narrow and with a feathery 
crown. Besides, there are a variety of trees that produce beautiful flowers such 
as putat laut tree, bintagor laut and sea hibiscus. These trees always have 
fruits and flowers that can be used as food for the primates, squirrels and birds 
(Hazebroek and Abang Kassim, 2000). 
b) Trail 2: Lowland Riverine Forest 
Lowland forest has the most fertile soil because it is alluvial in nature. This 
forest is rich in species such as Coe/ostegia borneensis, Shorea macrophylla, 
and several varieties of fruit trees like chempedak (A. integer). In swampy 
area, the thorny stems of asam paya palms whose fruits are edible usually 
11 
cover the ground. Consequently, the large variety of fruit trees that can be 
found in the riverine forest makes this site a rich wildlife habitat (Hazebroek 
and Abang Kassim, 2000) 
"---------' 
100 meter Scale: I : 2500 




e 1: The field sampling materials 
Non-collapsible cage traps - size is 29.5cmx13cmxI5.5cm 100 
The collapsible cage traps - size is 45cmxI5.5cmxI5.5cm 20 
Ripe bananas and pineapple 5 kg 
Flagging tapes 5 
Collar tags (ring bearing UNIMAS number) 150 
ao~ 2 
Field work 
I The Behavioural Ecology of Plantain Squirrel 
vioural observation was conducted from 24th November until 3rd December 
at ~e Headquarters of Bako National Park. The Plantain squirrels were 
1...~MI'I1P.rl and recorded randomly during the study period. The observation period was 
1:\.l'lCIC!~ into ~ree different time periods which were early morning 0600 to 1100 
• midday 1100 to 1500 hours and late afternoon 1500 to 1900 hours. The daily 
_DC!' conditions were recorded as well. 
SClDDing method was used in the behavioural observation which involves 
ItIClDrdiDg ~e behaviour of the Plantain squirrels in view, each individual was 
lI1IiIl!tW!d for five minutes and the observed individual was selected randomly. The 
is recorded in terms of a predetermined set of 
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The Food of Plantain Squirrel 
food that the squirrels eat was identified throughout the ten days study period. 
of the food types were identified on the spot. Samples of food types that could 
be identified were taken back to the laboratory for further identification. The food 
were categorized into tree bark, fruit, young leaf or shoots, flower, insect and 
:~1Imh Food collected from plants were categorised into family and genus or species 
e Population Ecology of Plantain Squirrel 
thad used in this study was cage trapping with fruits as bait (Rabinowitz, 
1be sampling was conducted from 24th November until 3rd December at the 
MlIiW1lers of Bako National Park (refer to table 6). Two trails were set in different 
the tudy site where 25 trap points were set at ten metres apart in Trail 1 and 
respectively. 50 traps were set along Trail 1 and another 50 traps in the Trail 
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Two cage traps were set in each trap point and each cage trap was marked with 
_pOg tape (Rabinowitz, 1995). 
the traps were place at least one meter above the ground and tied to a tree trunk. 
were baited with ripe bananas and pineapples. All the traps were checked every 
minutes to prevent any di turbance from other wildlife and human disturbance. 
squirrels were marked immediately after captured and the traps were re-baited in 
to get more individuals (Wells et aI., 2004). The total number of the captured 
• • ·duals were recorded, identified and marked by using collar tag (ring bearing 
LI~"JLI."~rk.lI number) tied on their neck (Martin et ai., 2001). The individuals were 
lDk=ase:d back to their original area where they were captured. 
recapture was started after two days so that the marked squirrels will have 
mix with their population. After two days, the closed traps were opened up 
• with fresh bait were added. The traps were located at the same trap point along 

tnmsect line, but were not be set at the same previous place where it was set 

the first capture. Total number of individuals captured and number of 

1di1'idll18ls that were marked was recorded in the recapture sampling after two days . 

• 	 t;lII~rels were marked again before releasing them. The first recapture was started 
four and the recapture was continued for the next six days. Total numbers of 
already marked when caught during the seven days were recorded . 

••lCber and Eschrneyer method was used to calculate the population of plantain 
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